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Abstract
The cosmic strings(CSs) may be one type of important source of gravitational waves(GWs),
and it has been intensively studied due to its special properties such as the cylindrical symmetry.
The CSs would generate not only usual continuous GW, but also impulsive GW that brings more
concentrated energy and consists of different GW components broadly covering low-, intermediate-
and high-frequency bands simultaneously. These features might underlie interesting electromag-
netic(EM) response to these GWs generated by the CSs. In this paper, with novel results and
effects, we firstly calculate the analytical solutions of perturbed EM fields caused by interaction
between impulsive cylindrical GWs (would be one of possible forms emitted from CSs) and back-
ground celestial high magnetic fields or widespread cosmological background magnetic fields, by
using rigorous Einstein-Rosen metric rather than the planar approximation usually applied. The re-
sults show that: perturbed EM fields are also in the impulsive form accordant to the GW pulse, and
asymptotic behaviors of the perturbed EM fields are fully consistent with the asymptotic behaviors
of the energy density, energy flux density and Riemann curvature tensor of corresponding impulsive
cylindrical GWs. The analytical solutions naturally give rise to the accumulation effect(due to the
synchro-propagation of perturbed EM fields and the GW pulse, because of their identical propa-
gating velocities, i.e., speed of light), which is proportional to the term of
√
distance. Based on
this accumulation effect, in consideration of very widely existing background galactic-extragalactic
magnetic fields in all galaxies and galaxy clusters, we for the first time predict potentially observable
effects in region of the Earth caused by the EM response to GWs from the CSs.
PACS numbers: 04.30.Nk, 04.25.Nx, 98.80.Cq, 04.80.Nn
∗ cqufangyuli@hotmail.com
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I. INTRODUCTION
Over the past century, direct detection of gravitational wave(GW) has been regarded
as one of the most rigorous and ultimate tests of General Relativity, and has always been
deemed as of significant urgency and attracting extensive interest, by use of various observa-
tion schemes aiming on multifarious sources. Recently, detection of the B-mode polarization
of cosmic microwave background has been reported[1], and once this result obtains com-
pletely confirmed, it must be a great encouragement for such goal of GW detection.
Other than usual GW origins, we specially focus on another important GW source,
namely, the cosmic strings (CSs), a kind of axially symmetric cosmological body, which
has been intensively researched [2–13] in past decades, including issues related to impul-
sive GWs[14–19] and continuous GWs[20–22]. CSs are one-dimensional objects that can
be formed in the early universe as the linear defects during symmetry-breaking phase-
transition[23–25], so it represents the infinitely long line-source that would emit cylindrical
GWs[26, 27]. Because of these particularities, although the existence of the CSs has not been
exactly concluded so far, GWs produced by the CSs already have attracted attentions from
several efforts of observations by some main laboratories or projects, such as ground-based
GW detectors[28–30] and proposed space detector[31, 32] in low- or intermediate-frequency
bands.
Actually, the GWs generated by CSs, could have quite wide spectrum[3–6, 33–35] even
over 1010Hz[7, 21, 34]. Due to the cylindrical symmetrical property and the broad frequency
range of these GWs, it’s very interesting to consider the interaction between EM system
and the cylindrical GWs from CSs, because the EM system could be quite suitable to
reflect the particular characteristics of cylindrical GWs for many reasons: the EM systems
(natural or in laboratory) are widely existing (e.g. celestial and cosmological background
magnetic fields); the GW and EM signal have identical propagating velocity, then leading
to the spatial accumulation effect[36–38]; the EM system is generally sensitive to the GWs
in a very wide frequency range (especially suitable to the impulsive form because the pulse
comprises different GW components among broad frequency bands), and so on.
In this paper we study the perturbed EM fields caused by an interaction between the EM
system and the impulsive cylindrical GWs which could be emitted from the CSs and prop-
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agate through the background magnetic field[39, 40]; based on the rigorous Einstein-Rosen
metric [41, 42](unlike usual planar approximation for weak GWs), analytical solutions of
this perturbed EM fields are obtained, by solving second order non homogeneous partial
differential equation groups (from electrodynamical equations in curved spacetime).
Interestingly, our results show that the acquired solutions of perturbed EM fields are
also in the form of a pulse, which is consistent to the impulsive cylindrical GW; and the
asymptotic behavior of our solutions are in accordant to the asymptotic behavior of the
energy-momentum tensor and the Riemann curvature tensor of the cylindrical GW pulse.
This confluence greatly supports the reasonability and self-consistence of acquired solutions.
Due to identical velocities of the GW pulse and perturbed EM signals, the perturbed
EM fields will be accumulated within the region of background magnetic fields, similarly
to previous research results[36–38]. Particularly, this accumulation effect is naturally re-
flected by our analytical solutions, and it’s derived that the perturbed EM signals will be
accumulated by the term of the square root of the propagating distance, i.e. ∝ √distance.
Based on this accumulation effect, we first predict the possibly observable effects on the
Earth(direct observable effect) or the indirectly observable effects(around magnetar), caused
by EM response to the cylindrical impulsive GWs, in the background galactic-extragalactic
magnetic fields (∼ 10−11 to 10−9 Tesla within 1Mpc[43] in all galaxies and galaxy clusters)
or strong magnetic surface fields of the magnetar[44](∼ 1011Tesla or even higher).
It should be pointed out that, CSs produce not only usual continuous GWs [20–22], but
also impulsive GWs which have held a special fascination for researchers [14–19] (e.g., the
‘Rosen’-pulse is believed to bring energy from the source of CSs[17]). In this paper, we
will specifically focus on the impulsive cylindrical GWs, and will discuss issues relevant to
the continuous form in works done elsewhere. Some major reasons for this consideration
include:
(1)The impulsive GWs come with a very concentrated energy to give comparatively
higher GW strength. In fact, this advantage is also beneficial to the detection by Adv-LIGO
or LISA, eLISA (they may be very promising for GWs in the intermediate band(ν ∼ 1Hz
to 1000Hz) and low frequency bands(10−6 to 10−2Hz), and it’s possible to directly detect
the continuous GWs from the CSs). However, the narrow width of GW pulse gives rise to
greater proportion of energy distributed in the high-frequency bands (e.g. GHz band), and
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it’s already out of aimed frequency range of Adv-LIGO or LISA. However, the EM response
could be suitable to these GWs with high-frequency components.
(2)By Fourier decomposition, a pulse actually consists of different components of GWs
among very wide frequency range covering the low-, intermediate- and high-frequency signals
simultaneously; these rich components make it particularly well suited to the EM response
which is generally sensitive to broad frequency bands.
(3)The exact metric of impulsive cylindrical GW underlying our calculation, has al-
ready been derived and developed in previous works (by Einstein, Rosen, Weber and
Wheeler[41, 42, 45, 46]), to provide a dependable and ready-made theoretical foundation.
The plan of this paper is as follows. In section II, the interaction between impulsive cylin-
drical GWs and background magnetic field is discussed. In section III, analytical solutions
of the perturbed EM fields are calculated. In section IV, physical properties of the obtained
solutions are in detail studied and demonstrated. In section V, EM response to the GWs
in some celestial and cosmological conditions, and relevant potentially observable effects
are discussed. In section VI, asymptotic physical behaviors of the perturbed EM fields are
analyzed with comparisons to asymptotic behaviors of the GW pulse. In section VII, the
conclusion and discussion are given, with both theoretical and observational perspectives
for possible future subsequent work along these lines.
II. INTERACTION OF THE IMPULSIVE CYLINDRICAL GW WITH BACK-
GROUND MAGNETIC FIELD: A PROBABLE EM RESPONSE TO THE GW
In Fig.1, the EM perturbation caused by cylindrical impulsive GWs within the back-
ground magnetic field is portrayed. Here, the CS (along z axis) represents a line-source
which produces GWs with cylindrical symmetry, and the impulsive GWs emitted from this
CS propagate outwards in different directions, so we can chose one specific direction (the x
direction, perpendicular to the CS, see Fig.1) to focus on. In the interaction region near axis
(symmetrical axis of the CS), a static (or slowly varying quasi-static) magnetic field B(0)z
is existing as interactive background pointing to the z direction. According to electrody-
namical equations in curved spacetime[39, 40], these cylindrical GW pulses will perturb this
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background magnetic field, and lead to perturbed EM fields (or in quantum language, signal
photons) generated within the region of background magnetic field; then, the perturbed EM
fields simultaneously and synchronously propagate in identical direction with the impulsive
GWs along the x-axis.
Bz
(0)
Interaction Region of
Background Magnetic Field
Cosmic String
Perturbed
EM Fields
x
Cylindrical GW Pulses
y
x
z
FIG. 1. Interaction between cylindrical impulsive GWs and background magnetic field. The
cosmic string(alone z axis) is emitting GW pulses propagating outwards perpendicularly to the CS, and we
only focus on the EM perturbation in the x direction specifically, the same hereinafter. The GW pulses will
perturb the background magnetic field B(0)z (pointing to the z axis) and produce the perturbed EM fields
propagating in the x direction.
As aforementioned in section I, the cosmic strings could generate impulsive GWs[14–
19] with broad frequency bands[3–7, 21, 33, 34]. The key profiles for impulsive GWs are
the pulse width “a”, the amplitude “A” and its specific metric. Here, for the convenience
and clearness, we select the Einstein-Rosen metric to describe the cylindrical impulsive
GWs. This well known metric initially derived by Einstein and Rosen based on General
Relativity[41, 42, 47], has been widely researched, such as pertinent issues of the energy-
momentum pseudo-tensor[46–50]; its concise and succinct form could be advantageous to
reveal the impulsive and cylindrical symmetrical properties of GWs. Using cylindrical polar
coordinates (ρ, ϕ, z) and time t, the Einstein-Rosen metric of the impulsive cylindrical GW
can be written as[41, 42, 45] (c = 1 in natural unit):
ds2 = e2(γ−ψ)(dt2 − dρ2)− e−2ψρ2dϕ2 − e2ψdz2, (1)
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then, the contravariant components of the metric tensor gµν are:
g00 = e2(ψ−γ), g11 = −e2(ψ−γ),
g22 = −e2ψ, g33 = −e−2ψ. (2)
and we have
√−g = e2(γ−ψ) (3)
here, the ψ and γ are functions with respect to the distance ρ (will be denoted as ‘x’ in the
coordinates after this section) and the time t[41, 42, 45–47], namely:
ψ(ρ, t) = A{ 1
[(a− it)2 + ρ2] 12 +
1
[(a+ it)2 + ρ2]
1
2
} (4)
γ(ρ, t) =
A2
2
{ 1
a2
− ρ
2
[(a− it)2 + ρ2]2 −
ρ2
[(a+ it)2 + ρ2]2
− t
2 + a2 − ρ2
a2[t4 + 2t2(a2 − ρ2) + (a2 + ρ2)2] 12 }, (5)
where A and a are corresponding to the amplitude and width of the cylindrical impulsive
GW, respectively.
III. THE PERTURBED EM FIELDS PRODUCED BY THE IMPULSIVE CYLIN-
DRICAL GW IN THE BACKGROUND MAGNETIC FIELD
When the cylindrical impulsive GW described in section II (Eqs.(1) to (5)) propagates
through the interaction region with background magnetic field B(0)z , the perturbed EM
fields will be generated. In this section, we will formulate a detailed calculation on the
exact forms of the perturbed EM fields. Notice that, the “exact” here means we utilize the
rigorous metric of cylindrical impulsive GW(Eq.1) which keeps the cylindrical form, rather
than the planar approximation usually used for weak fields by linearized Einstein equation.
Nonetheless, the cross-section of interaction between background magnetic field and the GW
pulse, is still very small, so the consideration of perturbation theory is reasonably suited
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to handle this case, and as commonly accepted process, some high order infinitesimals can
be ignored. However, the manipulating without using the perturbation theory and without
any sort of approximation to seek absolutely strict results, is also very interesting topic,
and we would investigate such issues in other works. Therefore, the total EM field tensor
Fαβ can be expressed as two parts: the background static magnetic field F
(0)
αβ , and the
perturbed EM fields F (1)αβ caused by the incoming impulsive GW; Because of the cylindri-
cal symmetry, it is always possible to describe the EM perturbation effect at the plane of
y = 0 (i.e., the x-z plane, means by use of a local Cartesian coordinate system, see Fig.1,
and the ‘x’ here substitutes for the distance ρ in Eqs(4) and (5)), then Fαβ can be written as:
Fαβ = F
(0)
αβ + F
(1)
αβ
=


0 E(1)x E
(1)
y E
(1)
z
−E(1)x 0 (−B(0)z −B(1)z ) B(1)y
−E(1)y (B(0)z +B(1)z ) 0 − B(1)x
−E(1)z −B(1)y B(1)x 0


(6)
Then, using the electrodynamical equations in curved spacetime:
∇νF µν = 1√−g
∂
∂xν
[
√−ggµαgνβ(F (0)αβ + F (1)αβ )] = 0,
∇αFµν + ∇νFαµ +∇µFνα = 0,
where , F (0)12 = −F (0)21 = −B(0)z = −B(0) (7)
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and together with Eqs.(1) to (6), we have:
µ = 0⇒ 2(γx − ψx)E(1)x − ∂E
(1)
x
∂x
= 0, (8)
µ = 1⇒ 2(ψt − γt )E(1)x + ∂E
(1)
x
∂t
= 0, (9)
µ = 2⇒ 2ψtE(1)y + ∂E
(1)
y
∂t
+ 2ψx(B(0) +B
(1)
z ) +
∂B(1)z
∂x
= 0, (10)
µ = 3⇒ 2ψtE(1)z + ∂E
(1)
z
∂t
− 2ψxB(1)y + ∂B
(1)
y
∂x
= 0,
(11)
∂B(1)x
∂x
= 0,
∂B(1)x
∂t
= 0,
∂E(1)z
∂x
=
∂B(1)y
∂t
,
∂E(1)y
∂x
= −∂B
(1)
z
∂t
. (12)
Here, γx, ψx, ψt and γt stand for
∂γ
∂x
, ∂ψ
∂x
, ∂ψ
∂t
and ∂γ
∂t
, similarly hereinafter. So, by omitting
second- and higher- order infinitesimal terms, it gives:
∂2E(1)y
∂x2
− ∂
2E(1)y
∂t2
= 2ψxtB(0) , (13)
∂2B(1)z
∂x2
− ∂
2B(1)z
∂t2
= −2ψxxB(0) , (14)
Note that with Eqs.(8) to (12) and the initial conditions, we have:
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E(1)y |t=0 = 0,
∂E(1)y
∂t
|
t=0 = −2ψx|t=0 · B(0),
B(1)z |t=0 = 0,
∂B(1)z
∂t
|
t=0
= 0. (15)
The other components, i.e., E(1)x , B
(1)
x , E
(1)
z , B
(1)
y , have only null solutions. Non-vanishing
EM components E(1)y and B
(1)
z are functions of x and t. To obtain their solutions, we need to
solve the group of second order non homogeneous partial differential equations in Eqs.(13)
to (15), and utilizing the d’Alembert Formula, we can express the solutions in analytical
way[51]:
E(1)y =
1
2
∫ x+t
x−t
H(ξ)dξ
+
1
2
∫ t
0
∫ x+(t−τ)
x−(t−τ)
F (ξ, τ)dξdτ, (16)
B(1)z =
1
2
∫ t
0
∫ x+(t−τ)
x−(t−τ)
G(ξ, τ)dξdτ, (17)
where,
H(ξ) = −2ψξ|t=0 · B(0) ,
F (ξ, τ) = −2ψξτB(0) ,
G(ξ, τ) = 2ψξξB(0) . (18)
By integral from Eq.(16), one gives:
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12
∫ x+t
x−t
H(ξ)dξ = −1
∫ x+t
x−t
ψξ|t=0 · B(0)dξ
= 2AB(0){ 1
[(x− t)2 + a2] 12 −
1
[(x+ t)2 + a2]
1
2
}. (19)
and similarly,
1
2
∫ t
0
∫ x+(t−τ)
x−(t−τ)
F (ξ, τ)dξdτ
= −AB(0){
∫ t
0
τ + ia
[(x+ t− τ)2 + (a− it)2] 32 dτ
+
∫ t
0
τ − ia
[(x+ t− τ)2 + (a+ it)2] 32 dτ
−
∫ t
0
τ + ia
[(x− t+ τ)2 + (a− it)2] 32 dτ
−
∫ t
0
τ − ia
[(x− t+ τ)2 + (a+ it)2] 32 dτ}, (20)
and
1
2
∫ t
0
∫ x+(t−τ)
x−(t−τ)
G(ξ, τ)dξdτ
= −AB(0){
∫ t
0
x+ t− τ
[(x+ t− τ)2 + (a− iτ)2] 32 dτ
+
∫ t
0
x+ t− τ
[(x+ t− τ)2 + (a+ iτ)2] 32 dτ
−
∫ t
0
x− t + τ
[(x− t+ τ)2 + (a− iτ)2] 32 dτ
−
∫ t
0
x− t + τ
[(x− t+ τ)2 + (a+ iτ)2] 32 dτ} (21)
After lengthy calculation of Eqs. (20) and (21), with combination of the Eq. (19), the
concrete form of electric component of the perturbed EM fields can be deduced:
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E(1)y (x, t) = 2AB(0){ 1
[(x− t)2 + a2] 12 −
1
[(x+ t)2 + a2]
1
2
+
a(x+ t) sin(1
2
θ1)− a2 cos(12θ1)
[(x+ t)2 + a2][x4 + 2x2(a2 − t2) + (a2 + t2)2] 14
+
a2
[(x+ t)2 + a2]
3
2
− a
2
[(x− t)2 + a2] 32 +
a(x− t) sin[1
2
θ1] + a
2 cos[1
2
θ1]
[(x− t)2 + a2][x4 + 2x2(a2 − t2) + (a2 + t2)2] 14 }
+AB(0) { cos[2θ2 +
1
2
θ1]
[x4 + 2x2(a2 − t2) + (a2 + t2)2] 14 −
2 cos[2θ2]
[(x− t)2 + a2] 12
+
[x4 + 2x2(a2 − t2) + (a2 + t2)2] 14
(x− t)2 + a2 cos[2θ2 −
1
2
θ1]
− cos[2θ3 −
1
2
θ1]
[x4 + 2x2(a2 − t2) + (a2 + t2)2] 14 +
2 cos(2θ3)
[(x+ t)2 + a2]
1
2
− [x
4 + 2x2(a2 − t2) + (a2 + t2)2] 14
(x+ t)2 + a2
cos[2θ3 +
1
2
θ1]}
(22)
The same procedure, from Eqs.(14), (15), (17) and (18), will lead to the following , i.e.
the concrete form of magnetic component of the perturbed EM fields can be derived to read
as:
B(1)z (x, t) = −2AB(0){ (x+ t)
2 cos( θ1
2
) + (x+ t)a sin( θ1
2
)
[(x+ t)2 + a2][x4 + 2x2(a2 − t2) + (a2 + t2)2] 14 −
(x+ t)2
[(x+ t)2 + a2]
3
2
+
(x− t)2 cos( θ1
2
)− (x− t)a sin( θ1
2
)
[(x− t)2 + a2][x4 + 2x2(a2 − t2) + (a2 + t2)2] 14 −
(x− t)2
[(x− t)2 + a2] 32 }
+AB(0) { cos(2θ3 −
1
2
θ1)
[x4 + 2x2(a2 − t2) + (a2 + t2)2] 14 −
2 cos(2θ3)
[(x+ t)2 + a2]
1
2
+
[x4 + 2x2(a2 − t2) + (a2 + t2)2] 14
(x+ t)2 + a2
cos(2θ3 +
1
2
θ1)
+
cos(2θ2 +
1
2
θ1)
[x4 + 2x2(a2 − t2) + (a2 + t2)2] 14 −
2 cos(2θ2)
[(x− t)2 + a2] 12
+
[x4 + 2x2(a2 − t2) + (a2 + t2)2] 14
(x− t)2 + a2 cos(2θ2 −
1
2
θ1) }
(23)
where, the three angles used in Eq.(23) read as given below in Eq. (24), namely:
12
θ1 = arctan
2at
x2 + a2 − t2 , θ2 = arctan
a
x− t , θ3 = arctan
a
x+ t
. (24)
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FIG. 2. Typical examples of electric and magnetic components of perturbed impulsive EM
fields in the region near axis. According to Eq.(22), Fig.2(a) shows a representative electric component
E(1)y (x, t) of impulsive EM field produced by interaction between cylindrical GW pulse(width a = 0.4m,
amplitude h ∼ 10−21, here we denote ‘h’ instead of ‘A’ as the amplitude in the SI units, similarly hereinafter)
and higher background magnetic field(1011Tesla, could be generated from celestial bodies[44], the same
hereinafter). Here we assume h ∼ 10−21 (similarly in later figures), and the detailed reason for this choice
may be found in Section V. In the same way, according to Eq.(23), Fig.2(b) presents a typical magnetic
component B(1)z (x, t) of perturbed EM fields(with GW width a = 0.4m, h ∼ 10−21) in the region of near
axis. Both electric and magnetic components of perturbed impulsive EM fields are in the form of pulse,
which are consistent with respect to the GW pulses. This figure is plotted under SI units.
The analytical solutions given above of the electric component E(1)y (x, t) and the magnetic
component B(1)z (x, t) of the perturbed EM fields, give concrete description of the interaction
between the GW pulse and background magnetic field. Here, E(1)y (x, t) and B
(1)
z (x, t) are
both functions of time t and coordinate x, with parameters “A” (amplitude of the GW),
“a” (width of the GW pulse) and B(0) (background magnetic field). So, these solutions
contain essential information inherited from their GW source(e.g. cosmic string) and EM
system(e.g., celestial or galactic-extragalactic background magnetic fields).
It is important to note that the analytical solutions Eq.(22) and (23) of the perturbed
EM field are also in the form of a pulse (see Fig.2). Both Eq.(22) and Eq.(23) are consistent
with regards to the impulsive GWs. In Fig.2(a), this fact is explicitly revealed in that at
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a specific time t, the waveform of the electric field E(1)y (x, t) exhibits a peak in magnitude.
A similar situation also occurs as exhibited in Fig.2(b) for the magnetic component of the
perturbed EM fields.
On account of the cylindrical symmetry of the GW pulse, its source should be some
one-dimensionally distributed object of very large scale, and according to current cosmolog-
ical observations or theories, cosmic strings would almost certainly be the best candidate.
Correspondingly, from the solutions, these impulsive peaks of perturbed EM fields are found
to propagate outwards from the symmetrical axis of the CS, with their wavefronts also
following a cylindrical manner (see Fig.3), and meanwhile their levels gradually increase
during this propagation process (due to the accumulation effect, will be then discussed later
in the paper).
The analytical solutions Eqs.(22) and (23) which are in the impulsive manner, bring
us important key information and show the special nature of the perturbed EM fields, as
well as underlying various physical properties, potentially observable effects and asymptotic
behaviors. These aspects will be consequently analyzed and discussed in full in the following
sections.
FIG. 3. Wavefronts of the perturbed EM fields in background magnetic field. This plot generated
above is based upon Eq.(22), and it demonstrates the cylindrical wavefronts of the EM field as perturbed
by the cylindrical GW pulses.
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IV. PHYSICAL PROPERTIES OF ANALYTICAL SOLUTIONS OF THE PER-
TURBED EM FIELDS
With the analytical solutions of the perturbed EM fields as represented in the above
section, some of their interesting properties may be studied in detail. As an example,
what is the relationship between the given width-amplitude of perturbed EM fields and the
width-amplitude of the GW pulse? Secondly, is there any accumulation effect (consistent
with previous work in the literature on the EM respond to GWs) of the interaction between
the GW pulses and the background magnetic field since the GWs and the perturbed EM
fields share the same velocity(speed of light)? In addition we also ask what is the spectrum
of the amplitude of the perturbed EM field and how it is related to the parameters of the
corresponding GW pulse? For convenience, we use SI units in this section and section V.
The details are as follows:
(1)The relationship between parameters of the GW pulse and the impulsive
features of the perturbed EM fields.
From Eq.(22), it’s simply deduced that the amplitude h (here, ‘h’ is in place of ‘A’ as the
amplitude in SI units) of the GW pulse and the background magnetic field B(0), contribute
linear factors for the perturbed EM field which we designate in this paper as E(1)y (x, t). So
the E(1)y (x, t) varies according to h proportionally (see Fig.4(b)). However, the width ‘a’ of a
GW pulse plays a more complex role in Eq.(22), but we find that width ’a’ is still positively
correlated to the width of the perturbed EM fields, i.e., a smaller width of the GW pulse
leads to a smaller width of perturbed EM field (see Fig.4(a)), and the EM pulse with a
narrower peak is found to have larger strength and more concentrated energy.
(2)Propagating velocity of perturbed EM pulses.
The information about propagating velocity of the GW as the speed of light, is naturally
included in the definition of the metric(Eqs.(1) to (5)). The same, EM pulses caused by the
GW pulse, also are propagating at the speed of light due to EM theory in free space (also
in curve space-time)[39, 40]. For intuitive representation, we exhibit this property in Fig.5,
which illustrates the exact given field contours of E(1)y (x, t) at different time from t = 0 to
t = 20
c
second.
15
5.x10
-1
(a)
0
2.5 x10 -1
-2.5 x10
-1
4 5 6 7 8 9
x HmL
E (v/m)y
a = 0.2 m
a = 0.3 m
a = 0.4 m
a = 0.6 m
-5.x10
-2
1.x10
-1
1.5 x10
-1
-1.x10
-1
-1.5 x10 -1
0
2 4 6 8 10 12
x HmL
E (v/m)y
h = 0.5 h0
h = 1.0 h0
h = 1.5 h0
h = 2.0 h0
(b)
5.x10
-2
(1)
(1)
FIG. 4. EM fields perturbed by the GW pulses with different widths and amplitudes. Here,
the Fig.4(a) exhibits the electric components of EM fields perturbed by the GW pulses with different pulse
widths(from a = 0.2m to 0.6m, given the same amplitude ∼ 10−21 in the region near axis). It’s indicated
that a larger width of the GW pulse gives rise to a larger width of the corresponding perturbed EM pulse,
but also results in a more flat waveform with less concentrated energy. Fig.4(b) reveals the impact from
different amplitudes(h = 0.5 to 2 h0, h0 ∼ 10−21) of the GW pulses with the same width, and explicitly we
find that higher amplitudes of the GW pulse lead to a corresponding greater amplitude of the perturbed
EM field. Note that the growth of the amplitude of GW does not influence the width of the perturbed EM
pulse.
x(m)
time(s)
Ey(x,t)
(v/m)
E ( )20, 20/cy
-5. x10-9
0
5. x10-9
1. x10-8
20/c
4 8 12 16 20 24 28
5/c
10/c
15/c
x10-8-1. 0
(1)
FIG. 5. Perturbed EM field propagates at the speed of light. This plot has a visual display of the
propagating process of a typical perturbed EM pulse from t = 0 to t = 20
c
second, which is linearly moving
from x = 0 m to x = 20 m during this period. I.e., the speed of propagating of the perturbed EM pulse is
20/ 20
c
= c, as the same as speed of light.
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(3)Accumulation effect due to the identical propagating velocity of EM pulses
and GW pulse.
Mentioned above, we have that when the perturbed EM fields propagate at the speed of
light synchronously with the GW pulse, then, the perturbed EM fields caused by interaction
between GW pulse and background magnetic field will accumulate. So, in the region with
a given background magnetic field, the strength of the perturbed EM pulse will rise (see
Fig.6) gradually until it leaves the boundary of the background magnetic field. Except the
reason of their synchronous propagation, the accumulation should also be determined by
another fact, that, the energy flux of impulsive cylindrical GW will decay by 1/distance (or
∼ 1/x on light-cone, see Eq.(33), so the strength of impulsive cylindrical GW will decay by
1/
√
distance), and their composite accumulation effect is proportional to
√
x (see Eq.(28)).
In Fig.6, we can also find that the accumulation effect is conspicuous, and for diverse cases
of perturbed EM fields with different parameters of width of the GW pulses (see Fig.6),
this phenomenon always appears generally, and in Fig.7, the contours of perturbed EM
fields(electric component)in different positions, also explicitly demonstrates the accumulated
perturbed impulsive EM fields, during their propagating away from the GW source.
a = 0.6 m
a = 0.4 m
a = 0.2 mE (v/m)y
x(m)
2 4 86 1210 14 16 18
-0.5
0
1.0
0.5
(1)
FIG. 6. Accumulation effect of the perturbed EM fields. When the impulsive EM fields propagate
from x = 0, at different positions of x = 4, 8, 12, 16m in the region near axis (at different times, t, amplitude
h ∼ 10−21, background magnetic field ∼ 1011 Tesla), the amplitude of the EM fields will then increase,
because the perturbed EM fields propagate synchronously with the GW pulse with the identical velocity of
the speed of light, then the interaction between the GW pulse and background magnetic field will be finally
accumulated. Here, this figure shows that this accumulation phenomenon commonly appears in all cases
with different widths from 0.2 to 0.6m of the GW pulses.
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FIG. 7. Contours of perturbed EM fields(electric component) in different positions (30m, 60m,
90m and 120m in sub-figures(a), (b), (c) and (d) respectively) away from the cosmic string,
pulse width: 5m. The accumulation effect is apparent during the propagation of the perturbed EM pulses
outward from the symmetric axis.
(4)Amplitude spectrums of perturbed EM fields influenced by amplitude of
the GW pulse.
Mentioned above, the perturbed impulsive EM field is comprised of components with
very different frequencies among a wide band. Shown in Fig.8, the Fourier transform of
field E(1)y (x, t) in frequency domain, illustrates the distribution of the amplitude spectrum.
Although this spectrum decreases as it approaches high-frequency range, it still remains
available level in the area of GHz band. Overall, it is indicated that (see Fig.8), the level of
spectrum is proportional to the amplitude of the GW pulse which causes the perturbed EM
fields, commonly among entire frequency bands.
(5)Amplitude spectrums of perturbed EM fields influenced by the width of GW
pulse.
In contrast to what happens to GW amplitude h, the width of GW pulse acts so as
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FIG. 8. Amplitude spectrums of perturbed EM fields caused by the GW pulses with different
amplitudes. This figure demonstrates the amplitude spectrums of perturbed EM fields (electric component)
caused by the GW pulses with different amplitudes from ∼ 10−21 to ∼ 10−24 (with identical width of
a = 0.5m). For all cases, the spectrums will decay as the frequency goes higher, but still remain at a
considerable level even over GHz band. It reflects the proportional relationship between the overall level of
spectrum among all frequency region and the amplitude of GW pulse. The unit “dB” here means 10×log10().
to impact the distribution of amplitude spectrums of the perturbed EM fields, apparently
in a nonlinear manner (see Fig.9). The narrow width of the GW pulse will lead to a rich
spectrum in the high-frequency region, such as GHz band, as exemplified by the upper-left
subplot of Fig.9, where the width of GW pulse is 0.1 meter, and hence the sum of energy
of the spectral components from 1GHz to 9.9GHz is approximately 24.5% out of the total
energy. Once the width rises, as shown in the other three subplots in Fig.9, gradually, the
amplitude spectrums will decrease in the high-frequency domain. This property elucidates
why the smaller width of the GW pulse would more likely cause stronger effect of EM
response especially in the high-frequency band, and this phenomenon is generally appearing
in the wide continuous parameter range (see Fig.10).
To summarize, based on the above interesting properties, we can argue that: the ampli-
tude of the GW pulse will proportionally influence the level and overall amplitude spectrum
of the given perturbed EM field, but nonlinearly, a smaller width of the GW pulse gives
rise to a narrower width of the EM pulse with higher strength of the peak, and smaller
width brings greater proportion of the energy distributed among the high-frequency band
19
S
p
e
c
tr
u
m
 o
f 
E
 f
ie
ld
 a
m
p
li
tu
d
e
(
)
d
B
/H
z
Frequency (GHz)
Fourier transform of signal (E  component)
0 5 10 15
-60
-50
-40
-30
-20
-10
0 5 10 15
-60
-50
-40
-30
-20
-10
0 5 10 15
-60
-50
-40
-30
-20
-10
0 5 10 15
-60
-50
-40
-30
-20
-10
pulse Width = 0.1m pulse Width = 0.5m
pulse Width = 1 m pulse Width = 2 m
FIG. 9. Amplitude spectrums of perturbed EM fields caused by the GW pulses with different
widths. In the four subplots involving amplitude spectrums of perturbed EM fields, the corresponding GW
pulses have different widths of 0.1 m, 0.5 m, 1 m and 2 m respectively(all amplitudes are here ∼ 10−21).
It’s manifestly obvious that the GW pulse with smaller width (such as 0.1 m), will definitely result in much
more energy distributed in the high frequency bands of the perturbed EM fields. Also, inversely, the GW
pulse with larger width(such as 2m), will lead to conditions for observing a very dramatic attenuation of
power of the perturbed EM fields in the high frequency bands. The unit “dB” here means 10× log10().
FIG. 10. Continuous contours of amplitude spectrums of the perturbed EM fields, caused by
GW with different frequency and pulse width. Background magnetic field is set to B = 1011Tesla,
and the given amplitude of the GW is set to 10−21. It’s obvious that the GW pulse with smaller width will
result in richer distribution of energy in high frequency bands(the area in red color.)
(e.g. GHz) in the spectrum. In particular, we find that the perturbed EM pulses propagate
at the speed of light synchronously with the GW pulse , leading to the accumulation effect
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of their interaction, and it results in growing strength(∝ √distance) of the perturbed EM
fields within the region of background magnetic field. These important properties which con-
nect perturbed impulsive EM fields and corresponding GW pulses supports the hypothesis
that the obtained solutions are self-consistent and that they reasonably express the inher-
ent physical nature of the EM response to cylindrical impulsive GW. Clearly, the magnetic
component (Eq.(23)) of the perturbed EM field has similar properties.
V. ELECTROMAGNETIC RESPONSE TO THE GW PULSE BY CELESTIAL
OR COSMOLOGICAL BACKGROUND MAGNETIC FIELDS AND ITS POTEN-
TIALLY OBSERVABLE EFFECTS.
The analytical solutions Eqs.(22) and (23) of perturbed EM fields provide helpful infor-
mation for studying the CSs, impulsive cylindrical GWs, and relevant potentially observable
effects. According to classical electrodynamics, the power flux at a receiving surface ∆s of
the perturbed EM fields may be expressed as:
U =
1
2µ0
Re[E(1)
∗
y (x, t) · B(1)z (x, t)]∆s (25)
The observability of the perturbed EM fields will be determined concurrently by a lot
of parameters of both GW pulse and other observation condition, such as the amplitude
and width of the GW pulse, the strength of background magnetic field, the accumulation
length (distance from GW source to receiving surface), the detecting technique for weak
photons, the noise issue(and so on). Under current technology condition, the detectable
minimal EM power would be ∼ 10−22W in one Hz bandwidth[52], so we could approxi-
mately assume the detectable minimal EM power for our case in this paper is the same
order of magnitude. Also, the power of the perturbed EM fields is too week by only us-
ing current laboratory magnetic field (e.g., strength ∼ 20 Tesla, accumulation distance
= 3 m and area of receiving surface as ∆s = 1.2m2. Note that such signal will be much
less than the minimal detectable EM power of 10−22Watt ). So, for obtaining the power
of perturbed EM fields no less than this given minimal detectable level, we would need a
very strong background magnetic field (e.g., say a celestial high magnetic field, which could
reach up to 1011 Tesla[44]) or some weak magnetic field but with extremely large scale
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(e.g. galactic-extragalactic background magnetic field[43], which leads to significant spatial
accumulation effect) are required. These together may permit detection via instrumentation.
In Table.I, it denotes the condition having background magnetic fields that are generated
by some celestial bodies, such as neutron stars typically. These astrophysical environments
could act as natural laboratories. Contemporary researches believe that some young neutron
stars can generate extremely high surface magnetic fields of ∼ 1010 to 1011Tesla[44]. Nev-
ertheless, so far, our knowledge of exact parameters of the GWs from CSs, is still relatively
crude (including their amplitude, pulse width, interval between adjacent pulses, and CSs’
positions, distribution, spatial scale, etc.), but in keeping with previous estimation, the GWs
from CSs could have amplitude ∼ 10−31 or less (in high frequency range) in the Earth’s
region[53]. If we study a specific CS, assuming the amplitude of GW emitted by it also has
the same order of magnitude (∼ 10−31 or less) around the globe, then amplitude of the GW
in the region near axis would be roughly ∼ 10−21 (since the energy flux of cylindrical GW
decays by 1/distance due to τ 10 ∝ 1x , see Eq.(33), so the amplitude decays by 1/
√
distance)
provided that a possible source of CS would locate somewhere within the Galaxy (e.g.,
around center of the Galaxy, about 3000 light years or ∼ 1019m away from the globe);
or, the amplitude of the GW in the region near axis would be roughly ∼ 10−20 provided
that the CS would locate around 1Mpc (∼ 1022m) away. So under this circumstance, if
there’s very high magnetic fields (e.g., some from neutron stars or magnetars) also close to
the CS(e.g., around the center of the Galaxy), then the EM response would lead to quite
strong signal with power even up to 102 Watt (see Table.I case 1), that largely surpasses
the minimal detectable EM power of ∼ 10−22Watt. However, the method to measure these
signals around the magnetars distant from the Earth is still immature, so it would only
provide some considerable indirect effect.
On the other hand, as direct observable effect, the observation of expected perturbed
EM fields even on the Earth is also possible. The very widely existing background galactic
and extragalactic magnetic fields appearing in all galaxies and galaxy clusters[43], could
give significant contribution to the spatial accumulation effect, during propagating of the
GW pulse from its source to the Earth. So, taking this point into consideration, even if the
CSs are very far from us, this galactic-extragalactic background magnetic fields (strength
could reach ∼ 10−9 Tesla within 1Mpc[43]) will interact with the GW pulses in a huge
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Celestial condition: B(0)SI = 10
11 Tesla, ∆s = 100 m2,
accumulation distance= 1000 m.
case signal power, amplitude h width a
No. of the GW pulse of the GW pulse
1 1.15× 10 2 W 10−21 0.1 m
2 1.05 × 10−1 W 10−21 1 m
3 7.78 × 10−5 W 10−21 10 m
4 1.05 × 10−3 W 10−22 1 m
5 1.15 × 10−2 W 10−23 0.1 m
TABLE I. Celestial condition: typical potential ranges of power of the perturbed EM
signals, with parameters of amplitude “h” and width “a” of the GW pulses. Considering
the perturbed EM signals interaction between impulsive cylindrical GWs with extremely high
magnetic fields(∼ 1011Tesla) produced by some celestial bodies such as neutron stars[44] (here we
denote B(0)SI as background magnetic field in SI units), with the accumulation distance ∼ 1000 m
and area of receiving surface ∆s ∼ 100 m2 in the region near axis.
accumulative distance. Then it would lead to observable signals in the Earth’s region,
because the accumulation effect of the perturbed EM fields is proportional to
√
distance
asymptotically(∼ √x, see Eq.(28) and Fig.(6)).
For example, as a rough estimation, if we set accumulation distance ∼ 2.8 × 1019m
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FIG. 11. Continuous 3D plot of the power of perturbed EM fields (in far axis region, around
the Earth), by different pulse width and amplitude of the GWs. Here, the background galactic
magnetic field is set to 10−9Tesla, accumulation distance is 2.8× 1019m, area of receiving surface is 5m2.
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(e.g. around center of the Galaxy), GW amplitude h ∼ 10−21 in the region near axis,
receiving surface ∆s ∼ 5m2, GW pulse width a ∼ 5 cm, galactic-extragalactic background
magnetic field BGMF ∼ 10−9 Tesla, then the power of signal in the Earth’s region would
reach up to 1.3 × 10−22Watt (see Fig.11, it already surpasses the minimal detectable EM
power of 10−22Watt, and it means that the photon flux is approximately 112 photons per
second in GHz band). Besides, if this weak signal can be amplified by schemes of EM
coupling[36, 37, 54], then higher signal power would be expected, and the parameters of h,
∆s, a and BGMF , would also be enormously relaxed. Still, to extract the amplified signal
from the EM coupling system remains a very challenging problem. Moreover, if we consider
a larger accumulation distance around 1Mpc ∼ 1022m, with other parameters of h ∼ 10−20,
∆s ∼ 1m2, a ∼ 0.1 m, BGMF ∼ 10−9 Tesla[43], then the power of signal on the Earth
would reach up to a magnitude of 1.2 × 10−19Watt (which means that the photon flux is
about 4.4× 104 photons per second in the GHz band), which comes with greater direct ob-
servability. This EM response caused by background galactic-extragalactic magnetic fields
in all galaxies and galaxy clusters, would also be supplementary to the indirect observation
of the GWs interacting with the cosmic microwave background (CMB) radiation[55–59] or
some other effects.
VI. ASYMPTOTIC BEHAVIORS
Several representative asymptotic behaviors of the electric component E(1)y (x, t) of
perturbed EM fields (Eq.(22)) can be analytically deduced in diverse conditions, by which
way the physical meaning of obtained solution would be expressed more explicitly and
simply. In this section we also demonstrate asymptotic behaviors of the energy density,
energy flux density and Riemann curvature tensor of the impulsive cylindrical GW. The
self-consistency, commonalities and differences among these asymptotic behaviors of both
GW pulse and perturbed EM fields will be figured out. For convenience, we use natural
units in the whole of this section.
(1)Asymptotic behavior of perturbed EM fields in space-like infinite region.
When the EM pulses propagate in the area where x ≫ t, and x ≫ a(width), from
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Eq.(22) we have:
E(1)y (x, t)→ AB(0) [ 4t
x2
− 12a
2t
x4
] ∝ 4AB(0) t
x2
; (26)
This asymptotic behavior shows that, at a specific time t, E(1)y (x, t) is weakening fast with
respect to the term 1/distance2 along the x-axis.
(2)Asymptotic behavior of perturbed EM fields in time-like infinite region.
When the EM pulses propagate in the area where x ≪ t , and t ≫ a, also from Eq.(22)
we have:
E(1)y (x, t)→ AB(0) 4x
t2
− 4AB(0)a2 1
t3
∝ 4AB(0) x
t2
; (27)
This asymptotic behavior of E
(1)
y (x, t) indicates that, given a specific position x, EM pulses
will fade away by the term 1/t2.
(3)Asymptotic behavior of perturbed EM fields in light-like infinite region (on
the light cone, i.e. x = t≫ a).
As shown in Fig.12, we define the region having background magnetic field B(0) is x > x0,
where x0 is the position of the first contact between wavefront of impulsive GW and B
(0),
then the interaction duration is from the start time tmin = 0, to the end time tmax = x−x0 =
∆x. In this case, Eq.(22) approaches the form below (notice there’s a factor c of the light
speed in the electric component, but c=1 in the natural units here):
E(1)y (x, t)→
AB(0)(a4 + 4a2∆x2)
1
4
a2
≈
AB(0)[4a2(x− x0)2] 14
a2
∝ √x (28)
GW pulse
x0 0(x , )0 x1
x
x-t=x0
(x,t)
0
t
x
FIG. 12. Asymptotic behavior of the perturbed EM fields in light-like region (on the light
cone).
Contrary to those E field in space-like or time-like infinite region, asymptotically the
25
E(1)y (x, t) on the light cone will not decay, but will increase, and this is particularly reflecting
the known accumulation effect of the EM response (see Fig.6 and Sec.III). It indicates that
the light cone is the most interesting area to observe the perturbed EM fields. The magnetic
component B(1)z (x, t) of the perturbed EM fields has similar asymptotic behaviors.
(4)Asymptotic behaviors of energy density and energy flux density of the
impulsive cylindrical GW.
The expression of energy density of impulsive cylindrical GW is[50]:
τ 00 =
1
8pi
e2γ(ψ2x + ψ
2
t )
=
A2
2pi
{ x
2 cos2 3
2
θ + (t cos 3
2
θ − a sin 3
2
θ)2
[x4 + 2x2(a2 − t2) + (a2 + t2)2]3/2)}
· exp{A2[ 1
a2
− 2x
2 cos 2θ
x4 + 2x2(a2 − t2) + (a2 + t2)2
− t
2 + a2 − x2
a2[t4 + 2t2(a2 − t2) + (a2 + t2)2]1/2 ]} (29)
The expression of energy flux density of impulsive cylindrical GW is[50]:
τ 10 = −
1
4pi
ψρψte
2γ
=
A2
2pi
{ x(2t cos
2(3
2
θ)− a sin(3θ)
[x4 + 2x2(a2 − t2) + (a2 + t2)2]3/2)}
· exp{A2[ 1
a2
− 2x
2 cos 2θ
x4 + 2x2(a2 − t2) + (a2 + t2)2
− t
2 + a2 − x2
a2[t4 + 2t2(a2 − t2) + (a2 + t2)2]1/2 ]}
where, θ = θ1 = arctan
2at
x2 + a2 − t2 (30)
So we find that,
(i) in space-like infinite region, where x≫ t, and x≫ a, we have the asymptotic behaviors
of the energy density and energy flux density of the impulsive cylindrical GW as:
τ 00 →
A2
2pi
(
1
x4
+
t2
x6
) exp(
2A2
a2
)→ O(x−4),
τ 10 →
A2t
pix5
exp(
2A2
a2
)→ O(x−5), (31)
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where, energy density and energy flux density fall very quickly as the distance x rises.
(ii) in time-like infinite region, where t≫ x, and t≫ a, we have the asymptotic behavior
of energy density and energy flux density as:
τ 00 →
A2
2pit4
exp(−2A
2x2
t4
)→ O(t−4),
τ 10 →
A2x
pit5
exp(−2A
2x2
t4
)→ O(t−5), (32)
where, energy density and energy flux density also drop rapidly as the time increases.
(iii) in light-like infinite region (on the light cone, where x = t≫ a, as the most physically
interesting region), their asymptotic behaviors are:
(τ 00 )x=t≫a →
A2
16pia3x
exp(
3A2
2a2
) ∝ 1
x
,
(τ 10 )x=t≫a →
A2
16pia3x
exp(
3A2
2a2
) ∝ 1
x
. (33)
Therefore, the energy density and energy flux density here decay much slower on the light
cone, comparing to those in space-like or time-like infinite regions. These asymptotic be-
haviors are consistent to asymptotic behaviors of the perturbed EM fields shown above.
(5)Asymptotic behaviors of the Riemann curvature tensor of the impulsive
cylindrical GW. We chose two typical non-vanishing components Rxzxz and Ry0y0 of co-
variant curvature tensor, and they have the forms[50]:
R xzxz
= e2ψ(−ψtγt + ψ2t − ψxγx + ψxx)
= e2ψ{−2A cos
3
2
θ
r3/4
+
6Ax2 cos 5
2
θ
r5/4
+
16A3x2 cos 3
2
θ[x2 cos2 3
2
θ + 2(x cos 3
2
θ − a sin 3
2
θ)2]
r9/4
+
4A2[2x2 cos2 3
2
θ + (x cos 3
2
θ − a sin 3
2
θ)2]
r3/2
}, (34)
where r = x4 + 2x2(a2 − t2) + (a2 + t2)2, the same hereinafter, and
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R y0y0
= −e−2ψ(−ψtt − ψtγt + (γx − ψx)/x− ψxγx + ψ2x)
= −e−2ψ{4A cos
3
2
θ
r3/4
+
6A[(t2 − a2) cos 5
2
θ − at sin 5
2
θ]
r5/4
− 8A
3x2 cos2 3
2
θ[x2 cos2 3
2
θ − (t cos 3
2
θ − a sin 3
2
θ)2]
r9/4
+
4A2[2x2 cos2 3
2
θ + (t cos 3
2
θ − a sin 3
2
θ)2]
r3/2
}, (35)
then we find that,
(i) in space-like infinite region where x≫ t and x≫ a, asymptotically it gives:
Rxzxz → (4A
x3
+
12A2
x4
+
48A3
x5
) exp(
4A
x
)
→ 4A
x3
exp(
4A
x
)→ O( 1
x3
), (36)
and
Ry0y0 → −[4A
x3
+
8A2
x4
+
6A(t2 − a2)− 8A3
x5
] exp(
−4A
x
)
→ −4A
x3
exp(
−4A
x
)→ O( 1
x3
), (37)
(ii) in time-like infinite region where t≫ x and t≫ a, we have the asymptotic behaviors
as:
Rxzxz → (−2A
t3
+
6Ax2
t5
+
12A2x2
t6
+
48A3x4
t9
) exp(
4A
t
)
→ −2A
t3
exp(
4A
t
)→ O( 1
t3
), (38)
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and
Ry0y0 → (10A
t3
+
4A2
t4
+
8A3x2
t7
) exp(
−4A
t
)
→ −10A
t3
exp(
−4A
t
)→ O( 1
t3
), (39)
(iii) in light-like infinite region (on the light cone), where x = t≫ a, their asymptotic
behaviors are:
Rxzxz → −3
4
(
A
a5/2x1/2
+
A3
a9/2x1/2
) exp(
−2A
a1/2x1/2
)
∝ 1
x1/2
. (40)
and
Ry0y0 → ( 3A
4a5/2x1/2
+
3A2
4a3x
+
A
a3/2x3/2
) exp(
2A
a1/2x1/2
)
→ 3A
4a5/2x1/2
exp(
2A
a1/2x1/2
) ∝ 1
x1/2
(41)
Apparently, these components of Riemann curvature tensor decline much slowly on the
light cone (the most interesting and concerned region with richest observable information),
as compared to those in space-like or time-like infinite regions where they attenuate very
rapidly. This characteristic agrees well with asymptotic behaviors of the energy density,
energy flux density of the impulsive cylindrical GW, and asymptotic behaviors of the per-
turbed EM fields. Particularly, only on the light cone, perturbed EM fields will be growing
instead of declining, that specially reflecting the spatial accumulation effect. All of these
of above asymptotic behaviors play supporting roles in further corroboration of the self-
consistency and reasonability of the obtained solutions.
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VII. CONCLUDING AND DISCUSSING
First, in the frame of General Relativity, based upon electrodynamical equations in
curved spacetime, utilizing the d’Alembert Formula and relevant approaches, the analytical
solutions E
(1)
y (x, t) and B
(1)
z (x, t) of the impulsive EM fields, perturbed by cylindrical GW
pulses (could be emitted from cosmic strings) propagating through background magnetic
field, are obtained. It’s shown that the perturbed EM fields are also in the impulsive form,
consistent with the impulsive cylindrical GWs, and the solutions can naturally give the
accumulation effect of perturbed EM signal (due to the fact that perturbed EM pulses
propagate at the speed of light synchronously with the propagating GW pulse), by the term
of the square root of accumulated distance, i.e. ∝ √distance. Based on this accumulation
effect, we for the first time predict possible directly observable effect(≥ 10−22Watt, stronger
than the minimal detectable EM power under current experimental condition) on the Earth
caused by the EM response of the GWs(from CSs) interacting with background galactic-
extragalactic magnetic fields.
Second, asymptotic behaviors of the perturbed EM fields are accordant to asymptotic
behaviors of the GW pulse and some of its relevant physical quantities such as energy
density, energy flux density and Riemann curvature tensor, and it brings cogent affirmation
supporting the self-consistency and reasonability of the obtained solutions. Asymptotically,
almost all of these physical quantities will decline once the distance grows, and these phys-
ical quantities decline much more slowly on the light cone (in the light-like region) which is
the most interesting area with the richest physical information, rather than the asymptotic
behaviors in the space-like or time-like regions where they attenuate rapidly. Whereas, only
perturbed EM fields in the light cone will not decline, but instead, increase. Also, we find
that the asymptotic behaviors of perturbed EM fields particularly reflect the profile and
dynamical behavior of the spatial accumulation effect.
Third, perturbed EM fields caused by the cylindrical impulsive GWs from CSs are often
very weak, and then direct detection or indirect observation would be very difficult on the
Earth. However, many contemporary research results convince us that there are extremely
high magnetic fields in some celestial bodies’ regions (such as neutron stars[44], which could
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cause indirect observable effect), and very widely distributed galactic-extragalactic back-
ground magnetic fields in all galaxies and galaxy clusters[43]; and especially the latter might
provide a huge spatial accumulation effect for the perturbed EM fields, and would lead to
very interesting and potentially observable effect in the Earth’s region (as the effect for
direct observation, see section V), even if such CSs are distant from the Earth (e.g., locate
around center of the Galaxy, i.e., about 3000 light years away, or even further, like ∼1Mpc).
In addition we find analysis of representative physical properties of the perturbed EM
fields also reveals that: (1)amplitude of GW pulse proportionally influences the level and
overall spectrum of the perturbed EM field. (2)Smaller width of the GW pulse nonlin-
early gives rise to narrower widths, higher peaks of the perturbed EM pulses, and greater
proportion of energy distributed in the high-frequency band (e.g. GHz) in the amplitude
spectrums of perturbed EM fields.
According to previous studies, the cylindrical GWs from CSs include both impulsive
and usual continuous forms. Specially, in this paper we only focus on the impulsive case
due to its concentrated energy, the pre-existing rigorous metric (Einstein-Rosen metric),
and its impulsive property to give rich GW components covering wide frequency band,
etc. Nevertheless, EM response to the usual continuous GWs, also would bring meaningful
information and value for in-depth studying in future. Moreover, in order to enhance the
real detectability of the perturbed EM fields, various considerable improvements could be
introduced, such as EM coupling[36, 37, 60, 61] and also use of superconductivity cavity
technology[54]. We intend to have through investigations of these additional research topics
in the future.
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